Apolipoprotein E (ApoE) is an important secretory glycoprotein, and also a ligand for LDL receptors and ApoE receptors. It is involved in lipid transport and catabolism, nerve regeneration, immune system regulation, and cell proliferation. Moreover, both the causative and protective effects of APOE polymorphic variants and alleles have been correlated with several diseases, including cancer types such as gastric cancer. However, to the best of our knowledge, no data are available describing the association between gastric cancer and APOE polymorphisms in the Turkish population. In this context, this study was conducted to evaluate the association between the genotypes of APOE and the risk of gastric cancer and also to demonstrate the allele frequencies and genotype distributions of APOE gene in a hospital-based Turkish population with gastric cancer. A total of 59 patients with gastric cancer and 200 healthy controls were included in this study. Results showed the absence of any statistically significant association between APOE gene polymorphisms and the risk of gastric cancer (χ 2 =2.711, p=0.744), which could possibly be due to the small sample size of our study. Therefore, further investigations such as expression studies and meta-analysis comprising larger sample size and detailed demographic data are necessary to identify the alleles of APOE gene associated with the risk of gastric cancer.
INTRODUCTION
Gastric cancer, also called stomach cancer, is the first cause of cancer-related mortality worldwide (Türkiye Halk Sağlığı Kurumu 2017). The incidence rate of gastric cancer is falling worldwide; however, still nearly 730,000 deaths are encountered per year (Parkin et al. 2001) . Environmental and genetic factors play an important role in the development of gastric cancer. Helicobacter Pylori infection and infection related gastritis are the common environmental factors implicated in its causation, besides others such as diet, smoking, and geographical location (Sipponen 2002; Yaghoobi et al. 2010) . However, genetic and familial contributors have not yet been extensively investigated in studies (Yaghoobi et al. 2010) .
Recently, the attention has been focused on combined effect of low-penetrance alleles as a potential risk factor for causation of gastric cancer. In this respect, gastric cancer associated genes need to be further identified and expanded (Yaghoobi et al. 2010) . Apolipoprotein E (APOE) is one of the genes (19q13.2) that is implicated in causation of gastric cancer (De Feo et al. 2012) . The APOE gene is a high affinity ligand for low density lipoprotein (LDL) receptors and apoE receptors found in hepatic tissues and plays an important role in lipid transport and catabolism (Uniprot 2017; Sazci et al. 2008) . The APOE gene consists of 3 introns and 4 exons, and due to two single nucleotide mutations in the coding region of APOE gene, three alleles (ε2, ε3, and ε4) and three homozygotes (apoE2/2, E3/3 and E4/4) and three heterozygotes (apoE2/3, E2/4, and E3/4) genotypes are formed (Sazci et al. 2008; De Feo et al. 2012 /cysteine158), apoE3 (cysteine112/arginine158) and apoE4 (arginine112/arginine158). These substitutions give rise to the difference in isoelectric points among isoforms, so that each differs by receptor binding capacity (Zannis et al. 1982; Sazci et al. 2008; De Feo et al. 2012) . Based on these, APOE polymorphisms may affect plasma cholesterol and LDL concentrations or signaling pathways; thus, causing cancer. Studies on several populations have suggested that cholesterol and LDL levels differ from lowest to highest in people carrying ε2, ε3, and ε4 alleles, respectively. Also, some studies have supported that genetic polymorphism is responsible for 60% of variations in levels of plasma cholesterol and APOE polymorphisms accounts for nearly 14% of this ratio (Weisgraber 1990; Sakashita et al. 2008) .
APOE gene ε3 allele is reported as the common and neutral allele found in 40%-90% of the populations and correlated with prostate cancer and polycystic ovary syndrome (Cetinkalp et al. 2009; Uen et al. 2015; Yencilek et al. 2016; Uniprot 2017) . APOE gene ε2 allele was correlated with some other diseases such as type III hyperlipoproteinemia and Parkinson's disease. Nonetheless, it plays a protective role in gastric cancer (Cibeira et al. 2014; Uen et al. 2015) . APOE gene ε4 allele was correlated with Alzheimer's disease, coronary heart disease and several cancer types including prostate, breast, head and neck cancers (Uen et al. 2015) . On the other hand, studies have shown that people with low total serum cholesterol levels are more prone to develop cancer. The mechanism regarding susceptibility to gastric cancer in this population is unclear; nevertheless, some of available estimations are low cholesterol levels, effects of different structural stabilities of apoE isoforms on tumor growth, variable interactions between apoE isoforms and their targets. Moreover, possible variability in post-translational modifications of plasma apoE may affect diseases or cancer development (De Feo et al. 2012; Uen et al. 2015) .
Based on these data, we investigated association between genotypes of the APOE gene and gastric cancer risk in a hospital-based Turkish population in a case-control study including 59 gastric cancer patients and 200 healthy controls.
MATERIALS AND METHODS

Study population
This study consists of 59 gastric cancer patients and 200 healthy controls. The 59 gastric cancer patients were obtained from the Kocaeli University Hospital. Male and female ratios were matched in the cases and controls. The study was approved by the Ethic Committee of Kocaeli University (GOKAEK 2017/14.42).
Genotyping
Genomic DNA was isolated by using the conventional salting-out method (Miller et al. 1988) . Genotyping was done by a PCR-RFLP method. In the PCR reaction 5'-ATGGACGAGAC-CATGAAGGAGTTGAAG-3' was used as forward and 5'-TGTAC-CAGGCCGGGGCCCGCGA-3' was used as reverse primer. The PCR conditions were as follows: 96°C for 2 min followed by 35 cycles at 96°C for 1 min, 67°C for 2 min, 72°C for 2 min and final extension step at 72°C for 4 min. The 314 bp long PCR product was digested with 2U Hin6I enzyme and the digestion products were run in 10% PAGE for 30 min at 20 W. The corresponding fragments for ApoE genotypes were given in Table 1 .
Statistical Analysis
Genotype frequencies between gastric cancer patients and controls were compared by χ2 test. The odds ratio (OR) and 95% confidence intervals (CI) were used to verify the effects of the genotypes and alleles. Statistical analysis were done by SPSS (version 21.0 IBM Corp.; Armonk, NY, USA) software package. p-value less than 0.05 was accepted as significant.
RESULTS AND DISCUSSION
Gastric cancer accounts for many cancer-related deaths. Some single nucleotide polymorphisms in the corresponding regions have been reported as a genetic risk factor on gastric cancer. Both genetic risk factor and protective effects of APOE polymorphic variants and alleles have been correlated with several disease and cancer types including gastric cancer. The current study including 59 gastric cancer patients and 200 controls revealed that there is no association between APOE genotypes and gastric cancer and this study is the first study in the Turkish population (Table 2) .
Previous studies demonstrated the genotype distribution of APOE gene alleles on gastric cancer. When the genotype distribution of our study was compared with the study done in Italian population, E2/2 and E4/4 genotypes were not found in the cases for both population. Also, the frequencies of E2/3 and E3/4 in both populations are in consistent in terms of their distribution among cases and controls. Moreover, E3/3 genotype was reported as the most common genotype in cases; 71.71%, 76.3% and controls; 62.94%, 70.0% for the Italian and Turkish population studied herein, respectively (De Feo et al. 2012) . Similarly, E3/3 genotype was found as common, E2/2 is observed rarely and E3/4 genotype frequencies are close to each other in the study done in the Chinese Han population for both groups. In contrast to Italian and Turkish population, E2/3 genotype frequency is higher in gastric cancer patients than controls and higher frequencies for E4/4 and E2/4 were obtained in the cases of Chinese Han population. On the other hand, high frequency of APOE gene ε2 allele and low serum total cholesterol are significantly correlated with gastric cancer in the Chinese Han population. Additionally, they proposed that higher risk of gastric cancer is due to the ε2 allele and it could be related with reduced serum cholesterol levels (Kang et al. 2016) . Conversely, ApoE ε2 allele was reported as protective against gastric cancer in Italian population and the possible explanation of this phenomena was higher antioxidant properties of ε2 allele than other alleles (De Feo et al. 2012 ). The differences of genotype distribution between Chinese population and other populations may be due to the different ethnicity, geographical location, environmental factors and lifestyle. Also, variations among studies performed in different populations might be attributed to the study population size.
APOE gene polymorphic variants were studied in the Turkish population before, and they were correlated with various diseases such as type 2 diabetes (Erdogan et al. 2016 ), Alzheimer's disease (Acar Çinleti et al. 2015; Alaylıoğlu et al. 2016) , coronary heart disease (Yılmaz-Aydogan et al. 2012), cerebrovascular disease (Tasdemir et al. 2008) ; however, there are only two studies regarding cancer that include breast (Yaylim et al. 2003 ) and prostate cancer (Yencilek et al. 2016) . APOE gene polymorphic variants could affect the mechanism of cancer formation, thus it could be speculated that different cancer types might be associated with the same alleles in the same population. According to the study on breast cancer, no significant association was found between any alleles and breast cancer risk similar to some other studies and meta-analysis (Niemi et al. 2000; Yaylim et al. 2003; Liu et al. 2016) . The distribution of E3/3 genotype is consistent with our results in terms of highest frequencies in both cases and controls, whereas the contrary results were obtained for ε4 allele in which its frequency is 9.25% in controls for the present study and 0% for the study done on breast cancer (Yaylim et al. 2003) . In the other study focusing on prostate cancer in a Turkish population, E3/3 genotype was found as a risk factor, while ε4 allele was reported as protective (Yencilek et al. 2016) . Even though some similarity was observed for different cancer types in the Turkish population, the obtained results have not high percentage consistency yet. The variability in results might be due to the small population size in addition to different demographic properties of the populations studied. Based on these data, it was not possible to speculate which alleles attribute as a risk factor or which one is protective against cancer. This leads to the idea that there might be other factors that contribute to the development of various cancer types.
In the literature, there are few expression studies focused on APOE gene allelic variants and gastric cancer association. As mentioned briefly before, ApoE protein is a secretory glycoprotein that is a ligand for some receptors and it stimulates different signalling pathways. Apart from regulating lipid metabolism, it is involved in nerve regeneration, immune system regulation, cell proliferation. Moreover, it is correlated with several cancer types. One study aimed to show function of ApoE in stimulation of lymph node metastasis in gastric cancer. Overexpression of ApoE mRNA and dominant expression of ApoE protein products were detected in gastric cancer. Besides, deeper tumor invasion and more lymph node metastasis were observed in the cases having high ApoE expression. Based on these, it has been indicated that ApoE might cause gastric cancer through stimulation of signalling pathways resulting in tumor growth after binding to the LDL receptors (Sakashita et al. 2008) . Another study focused on the APOE-associated genes and transcription factors in gastric cancer development. The responsible genes have function in JAK-STAT cascade, acute inflammatory response, steroid hormone response and acute phase response. Thus effective pathways causing gastric cancer have been determined (Shi et al. 2015) .
In addition to the abovementioned mechanisms of APOE gene on cancer susceptibility, expression studies also provide some clues for focusing on the role of expression levels of APOE gene. Moreover, meta-analysis with large population size and comprehensive demographic data could confirm the causative alleles of APOE gene in gastric cancer. Our study contributes for revealing the genotype and allelic distribution of APOE gene in the Turkish population and may provide a basis for further studies in this field. , 91bp, 79bp, 72bp, 48bp, 31bp, 19bp, 18bp, 16 bp E3/3 109bp, 91bp, 48bp, 31bp, 18bp, 16bp E3/4 109bp, 91bp, 72bp, 48bp, 31bp, 19bp, 18bp, 16bp E4/4 109bp, 72bp, 48bp, 31bp, 19bp, 18bp, 16bp 
